AD-A237 656 o
AL

COESAM/PDM-91/002 @

EVALUATION OF
WATER RESOURCES
IN
BOLIVIA, SOUTH AMERICA

AN P
2.8 ;9“; 2 d‘ ’&-’:‘\
R TLECTE

o JUL 081997 H
S = I
BrAZIL 1)

PARAGUAY &

I

|
|

!
l

|

. PR 1o A @. )
o leCid

L D R
Sesililon undimated Y

|

[ 2lo
g
(1
d
|
gl
evLE0-16

U.S. Corps
of Engineers

Mobile District DECEMBER 1990

(Repoiniea Soaun:,




This 1s a reprint of a limited advance edition of a
December 1990 report on the same subject. This
edition differs from the original report primarily
because of typographical and grammatical corrections.
The only substantive change is the addition of a
"Rainfall Gage Network' discussion on pages 1-10
through 1-12 in Appendix I. This discussion was added
to clarify the adequacy of rainfall monitoring

networks.
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EXECUTIVE SUMMARY

In early 1990, several regions in Bolivia suffered from a severe drought.
The United States Agency for International Development in Bolivia (USAID/B)
retained the U.S. Corps of Engineers to conduct a prolcssional appraisal of
the drought situation., The purpose of this appraisal is to establish a
framework which will assist USAID/B, and possibly others, in making water
resource investments in Bolivia. This report is the product of a two-month
effort on the part of four water resources professionals - the '"Water

Resources Advisory Team" from the Mobile, Alabama District of the Corps.

Bolivia is rich in hydrologic resources, although the spatial distribution
and the temporal variations in hydrologic activities complicate the efficient
use and management of the resources. The recent drought has highlighted the
need for better conservation and management of water resources., The major
needs are: water quality and pollution control; erosion control; changes in
land use practices and soil conservation; a stronger national water resource
management and policy structure; a rehabilitation of existing water resource
projects and equipment; environmentally sustainable development of water
supply resources; the improvement of the natural environment; and the

involvement of the Bolivian people in water resources development.

Obviously, satisfying these needs will have to be a long-term undertaking
of the Bolivian government. The intent of this report is to provide a
framework for the first step in this long and arduous procecs. Thus, the
recommendations documented in this report are directed towards a practicable
approach of blending water resource development projects with reasonably
attainable changes in water management, environmental improvements and

populace involvement.

There is an enormous need for various water resource projects and programs
in southwestern Bolivia. There are serious shortages of water supply
throughout the southwestern part of the country. The rural areas of the
department ot Cochabamba need both potable and irrigation water. Thc :ity of
Cochabamba is in dire need of a water supply. Likewise, the department and

city of Potosi are in dire need. Water is provided only tor 2 hours or less




each day in both these rities. The cattlemen and farmers of the Grand Chaco
areas of the departments of Tarija, Chuquisaca and Santa Cruz are in desperate
need of both potable water and water for livestock and crops. Cattle
populations have dropped drastically because of drought. There is a
tremendous erosion problem which needs to be addressed in the area -
especially in the department of Tarija. The people of the Altiplano in the
dcpartments of Potosi, Oruro and La Paz are in serious need of potable water.
Many a:e having %o walk hcurs to obtain water for household use. Water
pollution is a serious problem throughout southwest Bolivia - especiaily in La

Paz.

To begin to address these problems, 23 projects and programs are
recommended in this report. These are: the San Juan diversion project in
Potosij; a National Well Drilling Programj; a National Water Resources
Management and Policy Strategy; a National Program for the Rehabilitation of
Existing Water Projects; a Cistern Design and Construction Program in the
Grand Chacoj; an erosion control project at Tarija airport; a flood warning
system for the city of Santa Cruzj; a National Stream Gaging Network System;
geophysical surveys in Vallegrande; erosion control projects in the Tarija
Valley; a multipurpose dam in Cochabambaj; a diversion project to help 40
communities between Baisilio and Rio Seco in the department of Santa Cruzj a
groundwater analysis in the departments of Cochabamba and Potosi and in the
Chaco areas; construction of undrground dams in rural areas of the departments
of Cochabamba, Chuquisaca and Potosi; a water supply dam and distribution
system in the Yacuiba area; small water supply dams in the Aiquile area;
providing engine-driven pumps for wells in rural areas without electricity;
the evaluation of dam sites in the Chaco areaj} a water budget for Cochabambaj
construction of water distribution systems in rural areas of the department of
La Paz; modern rock drilling tests; water treatment for La Paz; and technical

assistance in developing water resource plans.
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INTRODUCTION

General Background. in early 1990, several regions i~ Bolivia suffered from a

severe drcught. In many areas it was an extension of a drought which had
plagued the country since the early 1980's. On April 26, 1990, Acting
President Luis Ossio declared several areas of Bolivia to bhe disaster a.d
emergency areas because of severe drought., That declaration identified
approximately 60 provinces in the departments of La rPaz, Potosi, Cochabamb:,
Tarija, Oruro and Chuquisaca with droughe preblems. initial estimates of the
number of people impacted by the drought ranged as high as one million.

Along wi.h the government of Bolivia's declaration of drought emerpency
came a request for internaticnal assistance. In response to this request, the
U.S. Mission in Bolivia initiated action through several forms of American
assistance. Concurrent with emergency assistance, the United States Agency
For International Bevelupment in Bolivia (USAID/B) ronducted an assessment o
the scope ot the Jdrought problems. That assessment i1dentified about 57,000
tamilice who were impacted by une drought. Of these, aboul 15,000 families
were olassitied as suftering very severe hardship.

The tmmediate response to assist drought victims was providing potable
waler, jood aid and water for animal consumption. Beyond this immediate need,
several ot the regilonal development corporaticns in Bolivia prepared reports
tdentitying near- to long-term propesals that would help alleviate drcught.
The comprehensiveness ol these reports varied between department:; however,
the net results of all the proposed actions and projents recommended totalled
billions of dollars. A summary of these reports as well as a larpe number of
other reports is documented 1 the 24-papge Annotated Biblicgraphy contained in
Appendix 0. A brietl review of ali this diverse information will illustrate
the impracticability of determining the "best" utilization ot available
resources without follow-up evaluations. This was »ne of the srimary reasons
USAID/B reta-ned the U.S. Corps of Fngineers to conduct a professional

apprarsal.




t rpose. The purpose of this report is to establish a framework nlaa which
will assist USAID/B, and possibly others, in making water resource investments
in Bolivia. To accomplish this goal, the Mobile District selected an
interdisciplinary "Water Resources Advisory Team' consisting of four water
resources professionals to assess the situation. This team's appraisal was
accomplished by reviewing existing documents and reports, visiting Boiivia for
one month to consult with various engineers, officials and others, and making
reconnaissance-level site visits in order to assess the water resource needs

of the country.

Scope of Evaluation. This report is the product of a two-month effort on the

part of the four water resource professionals. Its scope was necessarily
corfined to a "professional opinion" given the large geographical area
involved and the host of technical reports available on drought in Bolivia.
The research of existing technical documents can best be defined as selective
and cursory. The field data gathered was strongly influenced by the expertise
of in-country engineers and officials and the degree of their involvement in
water resources development. Nevertheless, we feel that the broad perspective
of this assessment will assist USAID/B in making wise investments decisions in

the water resource development of Bolivia.

Level of Detail and Costs. This report presents a number of cost estimates

for various water resources activities and projects. All of these costs are
in US dollars. Many of the project cost estimates are a restatement of the
cost quoted by in-country technical specialists. The scope of our evaluation
limited us to accepting those estimates without verification. The many
estimates we did develop should be recognized as order-of-magnitude numbers
based on professional opinion. For exampie, we provided an estimate for
repairing all of the malfunctioning pumps in Bolivia without an inventory and
prepared estimates for overhauling drill rigs we had never seen. The Water
Resources Advisory Team felt that it was appropriate to generate these
unrefined estimates since our primary purpose was to assist USAID/B in
deciding on water resource investments. Without these estimates, it would be

extremely ditticult to make decisions and to budget funding for the future.




We trust these educated guesses are used in the spirit of the context for

which they were given.

Limits of Study Area. Because of the drought emphasis of this report, the

study area is limited to the southwestern portion of Bolivia. A generalized
map of the country is included as Figure 3 page 34. This area is commonly
referred tc as the Altiplano (high plain), the eastern ridge of the Andes and
the Chaco area. The tropical lowlands in the departments of Pando, Beni,
northern and eastern Santa Cruz and northern La Paz have an abundance of
rainfall and in general have not been impacted by drought. The areas most
impacted in Bolivia are the departments of Cochabamba, Potosi, Tari ja,

Chuquisaca, Oruro, western Santa Cruz and southern La Paz.

Socio-Economic Profile of Bolivia. Bolivia is one of two land-locked

countries on the South American continent. See Figures 1 and 2 on the first
page. The size of the nation is approximately 1.1 mililion square kilometers.
Fifty percent of the land area is in the tropical and sub-tropical Beni/Chaco
plain extending from the northwest to the southeast. The remaining land mass
is divided almost equally between the mountainous and high plateau zones
(Brockmann 1986:8). Recent estimates put the number of people in Bolivia at
nearly 7 million with a majority living in the mountainous half of the country
(Americas Review 1990:30). The plains and tropical lowlands are rapidly
becoming key population centers however. For example, in the department of
Santa Cruz, sugar, cotton, and o0il and gas refineries attract thousands of
Bolivians from other areas. In Cochabamba, the Chapare region has become
well-known for i1ts lucrative cocaine production. Indeed, a World Resources
Institute report claims that while Peru produces almost 60 percent of the
world coca crop, Bolivia 1s the second largest producer with up to 30 percent.
Colombia, Brazil and Ecuador make up the remaining 10 percent. Between 1980
and 1986, land devoted to coca in Bolivia was expanded from 23,000 hectares to
71,000 hectares, an increase of over 300 percent (World Resources Institute
1990:44). By 1988, the Bolivian government estimated that coca production had

gone up by 20 percent.




Despite this increase in coca-plantings and continued clearing of rural
lands for coca production, the population in urban areas has increased.

Today, almost 50 percent of Bolivians live in urban centers compared to 40
percent ir 1980. This shift puts pressure cn municipalities that local
officials cannot meet. One estimate claims that 80 percent of the nation's
populace live at or below poverty levels (Americas Review 1990:32). Such
serious human problems also affect the economic health of the nation. The
agriculture sector accounts for about 22 percent of Gross Domestic Product
(GDP) and includes nearly 50 percent of the workforce. Yet food production
has not kept pace with the nearly 3 percent annual increase in population. As
a consequence, precious foreign trade dollars must be paid to import food.

Another 20 percent of GDP comes from industry which primarily supports the
iimited domestic market. The industrial base of Bolivia is centered on the
processing of minerals such as tin, lead and zincj on foodstuffsj and on
exploiting oil and natural gas reserves. Mining has declined in importance in
the past twenty years so that its current contribution to the nation's economy
is only 7 percent. Bolivia continues as a major world tin producer but this
status is undermined by the relatively low quality of the ore and the high
cost of extraction. The country also has gold, silver, copper, limestone and
significant reserves of lithium and potassium.

Bolivia appears to have a reasonably diverse economy and substantial and
impressive resources, both natural and social. Unfortunately, there are
several factors which seriously constrain development in Bolivia and,
therefore, hinder its progress toward wealth and quality living. Those
factors include: location of major subsistence farming in areas besieged by
either drought or flood; shortages of raw materials for manufacturing; limited
investments in local enterprises; weak domestic demand for industrial goods
combined with a poor infrastructure; cumbersome institutional bureaucracies
and a viable and growing black market production and retail sector (de Soto

1989); and the human and financial costs of the drug trade.

Water Resources in Bolivia. Bolivia is rich in hydrologic resources, although

the spatial distribution and the temporal variation in hydrologic activity

complicate the efficient use and management of these resources. Figure 4, on




page 35 shows the distribution of average annual rainfall in millimeters (mm)
throughout Bolivia from 1951 through 1982. The country's resources of rivers
range in size from those that are navigable year round to those that are
strictly seasonal and short-lived. Despite the apparent abundance of water
resources in Bolivia, the recent drought has served to identify the need for
better conservation and management of resources.

The country is located within three hydrographic basins (See Figure 3 on

page 34):
The Amazon Basin 724,000 square kilometers
The De La Plata Basin 229,500 square kilometers
The Altiplano Basin 145,081 square kilometers

The Amazon basin is located in the middle, north and northwestern part of
the country and drains approximately 66 percent of Bolivia. Its influence is
particularly evident in the Pando, Beni, and Cochabamba departments as well as

part of La Paz, Santa Cruz, and Chuquisaca. It has four sub-basins:

Madre de Dios 31,000 square kilometers
Beni 183,000 square kilometers
Mamore 216,000 square kilometers
Itenez/Guapore 294,000 square kilometers

The De La Plata basin drains about 20 percent of the nation and lies in
most of the central and southeastern parts of the country. This basin
influences the departments of Tarija and parts of Oruro, Chuquisaca, Potosi,

and Santa Cruz. The three sub-basins are:

Berme jo 16,200 square kilometers
Pilcomayo 98,100 square kilometers
Paraguay 115,200 square kilometers

The Altiplano basin is located in the western part of the country and
drains about 14 percent of the nation. Its influence is mostly found in the

La Paz, Oruro, and Potosi departments. It has four sub-basins which are:

Lake Titicaca 12,580 square kilometers
l.ake Poopo 43,100 square kilometers
Salar de Coipasa 28,951 square kilometers
Salar de Uyuni 60,450 square kilometers




Water Supply and Treatment., Public water supplies in Bolivia vary greatly in

quantity and quality. Available supply to some of the major cities has been

estimated to be:

City Amount in Liters Per Person Per Day
Sucre 100
La Paz 150
Oruro 100
Cochabamba 40-80
Santa Cruz 150
Tari ja 40-180
Ccbi ja 30

The lack of treatment of public water supplies in many areas poses health
risks. Contamination of water supplies occurs primarily due to inadequate
sanitary waste disposal practices. Data indicate high levels of water-
related illnesses and deaths in both rural and urban areas. These problems
are complicated by lack of money to develop better facilities and an absence
of abundant water sources in many of the more heavily populated areas. On a

national basis, household effluents are treated and disposed of as follows:

Public Sewerage 12.4%
Septic Tanks 2.0%
Latrines 7.5%
No Treatment 78.1%

Clearly there is much to be gained in the area of public health by merely

constructing public sanitary facilities and teaching basic sanitation.

Irrigation., Although over two million hectares are under cultivation, less
than 10 percent of the area is irrigated. Additional irrigation projects are
badly needed in Bolivia to support the livelihood of the people. These

projects are especially needed during periods of prolonged drought.

Hydropower., The hydropower potential of Bolivia has been estimated at about
241,500 MWH according to the Organization of American States (QAS) in 1985.

About 35 percent of the population receives its electricity from hydropower

sources.




Summary of Report Contents. The balance of this report contains the

following:

(a) EVALUATION OF WATER RESOURCE NEEDS AND OPPORTUNITIES. This section
of the main text contains a water resources profile of Bolivia and summarizes
the national water resource needs of the country. This is followed by a
similar summary for each of the seven departments in the study area -
Cochabamba, Potosi, Chuquisaca, Tarija, Santa Cruz, Oruro and La Paz. These
department discussions are essentially a summary of the detailed information
on each department contained in Appendices A through G.

(b) RECOMMENDED APPROACH TO WATER RESOURCES DEVELOPMENT. This section
outlines the suggestions and recommendations of the Water Resources Advisory
Team. Cost estimates for these projects and activities and potential phasing
of work are also discussed.

(c) Appendices A through G contain a complete discussion of water
resources in each of the seven departments. These appendices include a
discussion on: climate, rainfall and topography; socio-economic profile;
surface water resources; groundwater resources; specific problem areas; and a
suggested strategy.

(d) Appendices H through M contain a detailed description of needed
national programs and suggested engineering design of selected water resource
structures.

(e) Appendix N contains a biographical sketch of the four members of the
Water Resources Advisory Team.

(f) Appendix O is a annotated bibliography of the water resource
materials which was used in preparation of this report. This reference
information was included to assist others who may undertake the study of this
subject in the future,

(g) Appendix P contains photographs which are referenced throughout the

report,




EVALUATION OF WATER RESOURCE
NEEDS AND OPPORTUNITIES




EVALUATION OF WATER RESQURCE NEEDS AND OPPORTUNITIES

GCeneral. Bolivia is a land of contrast. This landlocked country covers an
area of nearly 111,000 square kilometers - an area about the size of Texas and
Oklahoma in the United States. See Figure Number 2 on the first page. The
topography of the country greatly influences the climate and thus the
environment. The northern and eastern portions of the country in the
departments of Pando, Beni and Santa Cruz are tropical lowlands. Rainfall in
these lowlands generally ranges from 1,000 to 2,000 mm per year. This
rainfall and runoff from the mountains of the Yungas and eastern Cordillera
flows into several major streams such as the Beni and Mamore Rivers.
Ultimately these waters become a part of the massive Amazon River system.

This is in great contrast with the Altiplano where average annual rainfall
ranges from less than 100 mm to 600 mm, with an average of about 200 mm. This
area 1s also on a high plain, almost 4,000 meters above sea level, where
evaporation rates are especially high. The rivers of the Altiplano are few
and small because of the arid climate. Further, salt flats in the area make a
great deal of the water unuseable. As one might expect, this area supports
little vegetation and is sparsely populated. To the east are the Valley,
Yunga and Chaco areas of Chochabamba, Chuquisaca, Tarija and some parts of La
Paz, Oruro, Potosi and Santa Cruz. Rainfall is these areas ranges from 300 to
1200 mm. These rains, however, are very seasonal - with about two thirds of
the precipitation occurring in the spring months of December through February.
The intensity of these rains coupled with the steep topography and soil
conditions leads to a rapid runoff. Thus, many of the streams are dry most of
the year. This '"'normal" situation together with fact that 75% of the people
and most of the agricultural production in Bolivia are in this region, makes
the area very susceptible to drought. This report focuses on that problem.

In any developing country, infrastructure needs are enormous - water
resources, roads, hospitals, schools, electrification, regional development,
etc. Even from a narrower viewpoint of water resources development, the needs
and opportunities are very complex. Minimizing the effects of drought can be
over-simply stated as harnessing additional supplies of water for a specific

area whether it be from the construction of dams, tapping of groundwater,




saltwater conversion, weather modification or by transferring water from one
area to another by various means. That may be true to a certain extent but
other variables must be considered in the formula to visualize the broader
picture. The long-term solution to water resource needs in Bolivia must
incorporate a combination of proper management, conservation and changing
societal habits in the use of water and land resources. Without these
ingredients, the beneficial effects of water resource projects (dams, lakes,
ponds, groundwater, diversions, etc.) will be short-lived. For the purpose of
this report, we limit our recommendations to a 'practicable" approach of
blending water resource development projects with "doable'" management,
environmental and societal changes. However, we feel that this is just the
first step in a long and arduous process.

There are several water resource needs in Bolivia which transcend
geographical boundaries or political subdivisions. Although some of these
national needs could be reduced to a project in a specific location, the need
1s common throughout the drought impacted areas of southwestern Bolivia.
These water resources needs can be broadly classified into the following
categories:

(a) MWater Quality and Pollution. This is a major problem in every major

city and community as well as throughout the rural areas of Bolivia. It has
serious implications on the health of the entire nation. Even as serious as
these problems are, we feel that the realistic opportunities at this time are
limited to education of the populous and relatively small-scale, problem-by-
problem programs. This Is simply because of the enormity of needed
environmental and societal change and the billions of dollars it would take to
correct these problems. For the purposes of this report, these problems are
not considered to have realistic solutions for immediate implementation and
must be considered as a part of a long-term comprehensive water resources
development program of Bolivia. Further, most of these problems would exist
even without drought, although acute shortages of water can greatly compound
them. Perhaps the development of comprehensive water resource management
plans and projects will neutralize the impact of drought on water quality and

pollution. Nevertheless, the basic problem will remain.




(b) Past and Present Land Use Practices. Throughout Bolivia we observed

signs of inefficient past and present uses of soil and water resources. Poor
farming methods, lack of knowledge in soil conservation Lechniques, slash and
burn agriculture, overgrazing, and deforestation of land have led to high run-
off of raintfall, soil erosion, degradation of vegetative cover, loss of soil
productivity, sedimentation in streams and lakes, loss of groundwater
recharge, and pollution of surface and groundwater resources. In Appendices A
through G we discuss the need for a long-term improvement process in these
areas as a part of any water resources development project.

(c) National Well-Drilling Program. In many of the departments we

visited, the most cost effective means to combat droupght 1n the near term is
through well drilling. Thus, we suggest that a natiunal weli-drilling program
be considered tor Bolivia. This preogram would consist ul uverhauling the wel]
drilling rigs in-country, purchasing four additional small drilling rigs, and
procuring an initial 1inventory of materials, pumps, parts and a spare parts
package. The central theme of this program hcwever, i1s overall national
develcpment and strict monitoring of the program. This program is estimaled
to benetit about 200,000 people over the three-year period at a cost of abcul
$2.5 million. This program 1s discussed in detail in Appendix H.

(d) National Stream Gaging Network. A tremendous amourt of technical

data and information is needed to effectively develop and manage the water
resources of Bolivia - topographic mapping, climatic data, river {low data,
groundwater data, etc. Appendix | contains a detailed discussion of a program
to develop a national network Lo monitor river flows on critical streams in
the country. This vital information will better equip engineers for the
design ot public works such as dams and bridges. The initial cost of this
eifort 1s 1n the order of $1 to $2 million depending on the amount of coverage

that 15 selected.

(e) National Water Resource Management and Policy. There are numerous

natioral waler management and policy issues which should be ;ursued. Amonyg
these ar-: establishment of a strong national water rescurces agencys
enactment of national water laws; promotion of land and waler conservation
throuph education and experimentation; enhancement of courdination between

varitous local, national and international apencies) a strenpthening of Ui
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interchange and coordination of technical data and informationj and the
establishment of a national data base. The opportunities for improving
Bolivia's ability to manage its water resources by improvements in these areas '
are great; however, a realistic appraisal of the chances for success is
limited due to societal attitude and the parochial nature exhibited by local
bureaucracies throughout the world. Despite this, we do recommend being
proactive in these areas. Perhaps the most practicable and tangible approach
lies in two suggestions - the establishment of a President's Commission on
Water Resources and sponsoring periodic national/international symposia on
Bolivian water resources. The Commission would evaluate the nation's overall
and regional water policy needs and make recommendations to the President.
The symposia would be co-sponsored annual, or bi-annual, meetings designed to
promote interchange of information and technology. The more difficult
proposals deal with the possibilities of establishing a national
clearinghouse; establishing a water resources council comprised of agency
heads, international entities and political leaders; and independent staffing
for a complete inventory and evaluation of all water resources activities in
Bolivia. All of these propositions are discussed in more detail in Appendix
J.
(f) Rehabilitation of Existing Water Resources Projects. Throughout the ‘

drought stricken areas of Bolivia, there are wells without pumps, wells with
broken pumps or parts, artesian wells without valves and water holding and
distribution systems with serious leakage. Many of these problems can be
corrected with a very small investment per person benefited. Our brief visit
to Bolivia did not allow us time to completely inventory all of these
problems; however, we received reports on hundreds of such situations and
suspect that there are a thousand or so. The possibility of developing a
program to inventory and correct most of these deficiencies nationwide is
discussed in Appendix K. The cost of this program is estimated to range from
$200,000 toc $600,000. 1Tt is felt that these improvements will benefit from
30,000 to 90,000 people.

Caochabamba. The department of Cochabamba lies in the heart of Bolivia along

and in the eastern range (Cordillera Oriental) of the Andes mountains. The

11 ‘




department covers some 55,600 square kilometers and has a population of nearly
one million. The economy of the area relies heavily on agriculture -
producing about one-third of the grain and foodstuffs for Bolivia. Because of
the orographic effects of the eastern Andes mountains, rainfall varies
drastically, from less than 300 mm in the western part of the department to
over 4000 mm in the Chapare region north of the capital city of Cochabamba.
Average rainfall in the most populated area of the department, near and east
of the city of Cochabamba, is about 600 mm. The topography of the department
is characterized by a series of northwest-southeast trending valleys and
ridges with considerable faulting.

Water supply in the department is obtained primarily from groundwater
with supplemental reserves from reservoirs near the city of Chochabamba.
Irrigation water in rural areas is normally obtained from small scale stream
diversion projects and holding ponds. The central valley in the popuiated
areas contains two aquifers approximately 60 and 120 meters deep. The yield
for wells in these heavily used aquifers averages 10 to 50 liters per second.
In tact, there are signs that the aquifers are being over stresscd by over
1000 wells in the valley.

Major impoundments in the area include a large shallow reservoir, Laguna
Angostura, southeest of Cochabamba and the German Punata-Tiraque project east
of Cochabamba. The Laguna Angostura reservoir was used ftor the city water
supply; however, the water is no longer of sufficient quantity or quality for
use as public water supply. The newly constructed Punata-Tiraque project
consists of a series of inter-connecting lakes and an elaborate distribution
system of canals to carry water to various farming communities.

There are rather serious waler shortages throughout the department.

There is a need to develop both surface and groundwater resources in many of
the outlying areas of the department. A national well drilling program will
satisty many of these needs; however, surface impoundments are needed in areas
such as Aiquile. The construction of underground dams (Wadi dams) is also
needed to maintain water levels in many rural wells or infiltration palleries.
Wadi dam construction is discussed in Appendix L.

The city of Cochabamba a~d its environs have been severely attected by the

drought. The city's water authority is limiting water use to two hours per
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day. Further, the problems are expected to wersen in the tuture if corrective
actions are not taken. The solution to the city's water problems lies in the
balanced development of both groundwater and surface water. The tremendous
nuriber of wells in the area are stressing the aquifers. The city needs to
develop a water budget and monitor groundwater withdrawals to protect this
vital source of water. The wise use and expancion of the wells in the area
can sustain the area water needs in the near-term. However, the increasing
demand for water in Cochabamba is expected to exceed available supplies by a 2
to 1 margin by the year 2010. Groundwater supplies are not adequate to
sustain this increasing trend, especially in periods of drought. The future
water resource needs of Cochabamba can only be accommodated through the
construction of a major surface water impoundment(s). There are numerous
sites avallable; however, the costs of these projects would be in the hundreds
of millions of dollars. These projects would also take years to formulate,
design and construct. The price tag for this type of development makes
funding a paramount problem. However, the simple fact is that there will be
critical water problems in the city of Cochabamba without their construc:ion.
Further, if drought conditions persist or recur in the future the impacts will
be especially severe.

It should be mentioned that the department of Cochabamba provides about
one-third of the grain and foodstuffs for the people of Bolivia. During the
drought there has been a steady decline in hectares under cultivation and in
crop production. Thue, in aii likelihood, there will be a simul!taneous
increased demand for water and decreased agricultural production. This
alarming trend could result in crucial econc..ic and sociological impacts for

all of Bolivia.

Potosi. The department of Potosi lies in the southwestern part of Bolivia in
the heart ot the Andes mountains. The department covers an area of 118,218
square kilometers and has a population ot about 700,000. The e.onomy is based
mostly on subsistence agriculture since silver and other mining has been
declining in recent years. The topography of the area is varied, but is
generally at higher elevations ranging from 1,800 to 3,000 meters above sea

level. The city of Potosi is one of the highest cities in South America
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situated at an elevation of about 4,000 meters. Average rainfall within the
department varies from less than 100 mm in the arid southern and western parts
ot the department to about 500 mm in the northeastern region. The rainfall in
the most populated central region of the department, near the city oi Potosti,
averages 380 mm per year.

Sources ot water vary in different areac of the department. In the
Altipiano there are reserves of groundwater availablej however, the small
population densities make the well deve'omment cost-per-person high. The
United Nations has dug a number of small shallow wells equipped with hand
pumps. In the central region near the city of Potosi there s a very limited
supply ¢t proundwater., Thus, itheir water supply is surplied by a series of 24
smail reserveirs in the mountains above the capital city. There are two major
drainage basins which lie partially within the department - Rio Pilcomayo and
Ric San Juan. However, the utilization of these resources is presently
limitea to tloodplain farming and smali-scale irrigation diversion structures.

The depa-tment of Potosi has been severely impacted by the drought. The
needs 1n the rural areas such as the Altiplano can be met to some extent
through a national well-drilling prog.am. However, the critical need for
water supply in the central part of the department, in the area of the city of
Potosi, can only be satisfied through major water resource deve!opment
projects.

The city of Potosi is in dire need of water supply. Currently, water use
is restricted Lo two hours a day, if available at all. ‘Vourteen of the <4
rescrvo.rs which supply water to the ity are dry. Even it the lakes were
tull, demand tor water would cxceed supply by a 3 1o 1 margin. Theres has been
a high out-migration of people from Potosi because of this problem. That
trend will almost certainly continue unless scme cor-ective action 1s taken.

Untcrtunately, there 1s no substantial source o! wiater in the PoLosi area.
Croundwat 2r 1s very limited. Most of Lhe good sites t:or surlace impoundments
have heen developed. The most realistic option appears lo be Lo transport
water from a fairly distant source. Engineers fror the regional developmeut
corporation tor Potosi (CORDEPO) have identitied a water source about 49
kilometers southeast ol Potosi - the San Juan “tver. This river has a high

year-round flow of good quality water. fransoorting water {rum the San Juan

14




River to Potosi could be accomplished through gravity flow via pipeline or
channel. Preliminary cost estimates range from $9 to $16 million. This seems
to be a prudent investment to solve the most serious urban water

supply/drought probliems in all of Bolivia.

Chuguisaca. The department of Chuquisaca lies in the south central part of
Bolivia and along the eastern range (Cordillera Oriental) of the Andes
Mountains. The department covers an area of 51,524 square kilometers and has
a population of around 475,000. Sucre, the capital city of Chuquisaca, is
also the legal capital of Bolivia although today Sucre houses only the Supreme
Court. ‘the economy ot the department is primarily centered around agriculture
and animal husbandry. Rainfall in the department varies from less than 500 mm
to more than 1200 mm per year, with Sucre having an average of about 600 mm.
Elevations within the department range from around 500 meters in the Chaco
region to over 4,000 meters above sea level in the Cordillera de Tacsara
mountains. The elevation of Sucre is about 2,750 meters above sea level.

The city of Sucre has an adequate supply of water from both ground and
surface sources. The water supply in the Chaco region of Chuquisaca is
obtained primarily from earth cisterns (farm ponds supplied by rainfall) and
from weils. Wells in the semi-arid Chaco area are used as a source of potable
water only. In the cattle~raising areas, ranchers depend on earth cisterns
for both domestic use and watering cattle. Irrigation is limited in this
semi-aiid climate; therefore, most agricultural areas are dependent on
rainfall.,

The most serious drought problems in Chuquisaca are in the southern
mountains and the Chaco area. The cattlemen in the Chaco region have been
especially hard-hit. Well drilling possibilities in the Chaco area are very
limited due to costs. These costs are high for four major reasons: wells must
be 200 to 300 meters deep; wells are generally low-yielding (3 to 5 liters per
second); well diameters must be 8 inches (20 cm) due to pumping requirements;
and large engine-driven pumps costing from $35,000 to $40,000 each must be
used because there is no electricity available to operate less expensive
pumps. Surface impoundments are also limited because of the lack of major

streams in the Chaco. The most viable solution would be to build scores of
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earthen cisterns (farm ponds) to capture and store rainwater for domestic
consumption and watering of cattle. The regional development corporation of
Chuquisaca (CORDECH) is building as many of these cisterns as resources allow.
They need assistance in the form of either help in the actual construction or

the donation or loan of equipment.

Tarija. The department of Tarija lies in the south of Bolivia on the border
with Argentina and Paraguay. The department covers some 37,623 square
kilometers and has a population of around 200,000. The economy of the area is
very diversified. There is a heavy dependence on agriculture - potatoes,
corn, citrus, tobacco, corn, grape vineyards, manioc, sugarcane, wood, and
animal husbandry-cattle, sheep, goats and hogs. Manufacturing includes the
production of bottled drinks, construction materials, furniture, soap,
candles, sugar, vegetable 0il and wine. Mining production includes salt,
gypsum, lime and construction stones.

The climate and topography of the department are varied. The western end
of the department is in the eastern Andes with elevations ranging up to 5,000
meters above sea level. The eastern half of the department lies in the
lowlands in the semi-arid Chaco region at elevations of a few hundred meters.
The capital city of Tarija, in the fertile central valley, is at elevation
1,900 meters above sea level. Annual rainfall in the department ranges from
400 mm in the west and east to 1,200 mm in the extreme south central part of
the department, Average annual rainfall in the central valley near the city
of Tarija is 60C mm.

There 1s an abundance of surface water and groundwater resources in the
department. The two major river basins are the Rio Pilcomayo and the Rio
Grande de Tarija. Major water resource projects include the massive San
Jacinto multipurpose dam project in the Rio Tolomosa valley and Phase 1 of the
Esquema Irrigation project near Villa Montes. Other water resource projects
planned are the Santa Ana Dam project east of the city of Tarija and the
Aguayrenda water supply dam project in the Chaco area north of Yacuiba. The
city of Tarija obtains an adequate supply of water from the relatively shallow
aquifers in the area. The area of the department in the sub-Andean zone uses

water from the numerous streams in the area. The semi-arid Chaco area depends
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on earth cisterns for much of its water supply with some use of low-yielding
wells (2 to 5 liters per second) for potable water. ‘

The most serious problem in the department is the immense soil erosion
problem in the central Tarija valley. This erosion has affected about one-
third of the central valley - an area of some 1,000 square kilometers. The
primary cause of this erosion is the nature of the highly dispersive clay
which covers much of the valley, i.e., this soil literally falls apart in the
presence of water. Other factors compounding the problem are basin slopes of
3 to 5 percent, rainfall patterns, poor farming practices, and deforestation
from natural and man-made forces. The regional development corporation of
Tarija (CODETAR) has constructed about 50 small, 1 to 2 hectare, watershed
projects in the headwaters of the streams feeding the central valley to help
restore these eroded areas. These projects consist of a small dam, terracing,
reforestation, fencing of the restored area to prevent overgrazing, and
educating the campesinos in soil conservation practices. We believe that this
is the best approach to correcting this erosion problem. However, assistance
in accelerating this program is needed since it would take thousands of these
mini-projects to solve the problem. We would suggest that such a program
should at least keep pace with the continuing erosion which claims another 200 .
to 400 hectares per year.

There are two erosion related problems which warrant special attention.
First, there appears to be erosion developing under the runway at the Tarija
airport. The total extent of the erosion is not knownj; however, further
investigations and corrective actions should be done immediately. The second
problem is related to the San Jacinto project. This project was designed for
a useful life of 100 years. The siltation in the reservoir, however, is
greater than expected. It is estimated that the reservoir will be completely
filled with sediment in 30 years if no corrective action is taken. This
valuable resource needs to be protected. It is suggested that erosion control
measures be concentrated in this basin and that some gabion grade-control
structures be constructed on some of the major streams flowing into the
reservoir. This should help trap and slow the movement of sediment into the

reservoir.
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The needs for other water resource development consist of four elements.
First, the cattlemen in the Chaco region need assistance in constructing more
earth cisterns. Second, a well-drilling effort in the Chaco region needs to
be accelerated under a national well-drilling program. Third, the Aguayrenda
project near Yacuiba needs to be constructed to solve the critical water
supply problem in that area. Fourth, the Mendez province in the Villa Montes
area needs to consider diversification of crops to minimize dependence on

water-sensitive crops with the associated depletion of soils.

Santa Cruz. The department of Santa Cruz lies in the eastern part of Bolivia
on the border with Brazil and Paraguav. The department encompasses some
370,021 square kilometers and has a population of about 331,000, The western
half of the departmenr is mountainous with elevations ranging up to 2,500
meters above ses level, while the eastern half lies in the lowlands with
elevaticrus of only 300 meters. The economy of the area is booming - Santa
C.uz 1s the fastest growing city in Bolivia. Agriculture has long been an
important staple economic component of the department. Today its economy is
further diversified with the production of oil, gas, sugar and the most
lucrative crop, cotton. Average annual rainfall in the depariment ranges trom
600 mm in the southern part of the department to cver 2,000 mm in the sub-
Andean mountains in the west. Rainfall in the capital city of Santa Cru:
averages 1,200 mm per year.

Most of the department of Santa Cruz is blessed with plentiful surface
water resources. The areas mostly impacted by drought are in four of Santa
Cruz's western provinces - Florida, Caballero, Vallegrande and Cordillera.
About 40,000 people and 80,000 hectares of land are estimated to be affected
by drought in this area. Surface water resources in Vallegrande are meager to
nonexistent. There is also no data on groundwater resources in the area. The
city of Vallegrande is dependent on water from a natural spring. Wells are
being drilled in the other three provinces; however, these wolls are very
expensive because of well depths and the requirement for engine-driven pumps
in the area where there is no electricity. There should be a geophysical
survey of Lhe Vallegrande area to evaluate the groundwater potential. The
other three provinces need assistance in constructing more earthen cisterns

and 1n well-drilling.
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Another problem area is in a region south of the city of Santa Cruz near
Basilio and Rio Seco. Presently their water supply is brought in by railcar
and sold at extremely high prices. Consideration should be given to
completing the Parabanon project to bring spring water to about 40 communities
along the railroad track between Basilio and Rio Seco.

Other needs in the department of Santa Cruz are a flood warning system for
the capital city and a comnrehensive water resource study of the entire

department.

Oruro. The department of Oruro lies in the western part of Bolivia south of
the department of La Paz. Most of the department lies on the high Andean
plateau known as the Altiplano. The department covers some 53,588 kilometers
and has a population of about 300,000. The economy of the area is primarily
mining and subsistence farming. The department's annual rainfall averages
less than 400 mm, thus exhibiting arid to semi-arid characteristics.
Elevations in the department range from 2500 to over 6500 meters above sea
level. Most of the population resides in the eastern half of the department
near the capital city of Oruro.

Almost the entire department lies in the Altiplano drainage basin. Water
in this area flows into vast salt flats from which the water evaporates. Most
of the surface water supplies in the department are so saline that they are
not suitable for any use. The entire area can be classified as one with small
to meager supplies of brackish to saline water. In most of the departments,
groundwater is available in very shallow depths in alluvial aquifers. This
water is fresh near the top of the water table and brackish to very salty
below. Freshwater can be found at depths of only 6 to 30 meters. The
underlying brackish water is about 180 meters deep.

There are two basic needs in the department of Oruro. First, they need a
small drill rig to install shallow, inexpensive wells throughout the Altiplano
area. Second, there is a need to evaluate the overall water resources of the
department. It seems that Oruro is the least studied department in Bolivia.
Such technical assistance would help officials of the regional development

corporation of Oruro (CORDEOR) plan their water resources for the future.
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La Paz. The department of La Paz lies in the western part of Bolivia north of
the department of Oruro. It covers an area of some 134,000 square kilometers
and has a population approaching two million. The economy of La Paz is
diverse, accounting for 50 percent of all manufactured products in the nation
as well as all federal government functions except the Supreme Court. The
city is the country's service and retail center. The department also has the
most varied terrain of all the departmente in Rolivia, A pcrtion of the
department lies in the Altiplano. The center of the department is cut by the
high eastern ridge of the Andes mountains and the northern part lies in the
lowlands of the Amazon river basin. Elevations in the department range from
250 to about 6,500 meters above sea level. The capital city of La Paz is the
highest capital city in the world at elevation 3600 meters. Average annual
rainfall also varies drastically from less than 200 mm in the Altiplano to
over 2,000 mm in the northern section of the departrent. In the city of La
Paz the average rainfall is about 480 mm.,

The department of La Paz has areas of both abundant and scarce water
resources. The northern part of the department is a tropical jungle. In the
west is one of the world's most famous lakes - Lake Titicaca. This massive
inland sea covers over 9,000 square kilometers and 1s over 200 meters deep in
some places.

Water supply in the capital city of La Paz is obtained from the rivers and
lakes fed by rain and by snow and glacial melt in the mount2ius north and east
of the city. 1In contrast, the arid to semi-arid Altiplano in the department
has only one significant watercourse - the Rio Desaguadero which drains water
from Lake Titicaca. As the water moves south it become increasingly saline
and less useable. For this reason, much of the Altiplanc area in the
department must rely on groundwater which is plentiful.

The most serious water resource problem in La Paz is water pollution 1in
the capital city. The water pollution is so severe that the fertile valleys
south of the city reportedly cannot use the water for irrigation. The
regional development corporation of La Paz (CORDEPAZ) is proposing Lo siLore
the snow and glacial meclt from the mountains to the east in a reservouir and
then release the water as needed to the southern valley. Financial resources
which are available for this type of work should be dedicated to water

pollution control.
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The basic need in the drought-stricken area in the western part of the
department is the expanded development of groundwater. This can be
accomplished by two means. First, more wells can be drilled through a
national well-drilling program similar to the one discussed in Appendix H.
Secondly, there are hundreds of wells in this area that are not functional,
primarily because of broken pumps. The repair and replacement of these pumps

will also help alleviate the drought problem in the area.
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RECOMMENDED APPROACH TO WATER RESOURCES DEVELOPMENT

General. Our USAID customer very specifically asked that we prioritize the
water resources needs of Bolivia. The criteria for prioritizing was left to
the judgement of the Water Resources Advisory Team. Our collected experience
and education indicate that priority selection has been the subject of debate
in many societies throughout history. As a way of example, we will discuss
the evolvement of that policy in the United States. After the great
depression in the U.S. in 1929, the creation of jobs was the driving criterion
for project selection. As a result, the U.S. is still benefiting from the
great public works projects built with that primary goal. The 400-mile-long
Blue Ridge Parkway is an example of that work. As good as these projects may
be, the primary goal was employment. Toward the end of the great depression
in the late 1930's the criteria for selecting public works began to change.
The Flood Control Act of 1936 stated that the benefits to whomever they may
accrue should exceed the cost. Our predecessors in the Corps of Engineers
used this general guidance to invent a thing called the benefit-to-cost ratio
(B/C ratio). This standard holds as one of the criteria used throughout the
world today.

After World War II, legislative language began to change. Phrases such as
"in the interest of national security" and "stabilization of employment' were
used in the authorization of many of the major water resources projects in the
U.S. Even so, economic efficiency under the B/C ratio remained as the guiding
criterion.

During President Johnson's administration in the 1960's, the "War on
Poverty' gained national prominence. The philosophy was that the povert: in
the Appalachian area of the U.S. transcended econcmic efficiency criteria.
That criteria of '"regional development'" has been a subject «f debate until
this day. In most cases however, the B/C ratio still poverned.

In the modern era of water resource development in the U.S5., there have
been many criteria used 1in our evolving society. Iiz mosl significant was
environmental quality which had its birth with tre passape ot the National
Environmental Policy Act of 1969. For the first time 'n U.S. history there

were co-objectives on water resource prcjects: national economic development
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(B/C ratio) and environmental quality. During the debate and evolution of
this policy four accounts, or sub-criteria, surfaced. These accounts were
National Economic Development, Environmental Quality, Regional Development and
Social Well-being. Also added were four "tests" that had to be met by all
water projects. These were Completeness, Effectiveness and Efficiency,
Acceptability, and Certainty. This era left the water resources planners and
engineers with a real challenge in formulating water projects. This evolved
to the criteria used today in the United States - national economic
development consistent with protecting the nations' environment.

Criteria. The above discussion was added to illustrate that criteria for
prioritizing public works projects evolve with the needs of a society. It
would not be appropriate to use United States criteria to decide on water
resource investments in a country like Bolivia. Obviously, when a society's
needs are subsistence and employment, criteria of only economic efficiency and
environmental quality are poor tests. The Water Resources Advisory Team
discussed this issue at some length. Ultimately, we decided on eight criteria
- benefit-to-cost ratio, regional develcopment, environmental quality, social
well-being, visibility, implementability, immediacy of relief, and long-term
(lasting) benefits. These criteria are discussed in detail in the following
paragraphs.

(a) Benefit-to-Cost Ratio. As previously discussed, the B/C ratio is the

most universal criterion used in making water resource investment decisions.
Its strength as a criterion is that it forces water resource planners to
thoroughly analyze all costs and benefits. With this information, decision-
makers can determine the financial rate of return. The weakness of this
criterion is that the analysis primarily relies on tangible and quantifiable
benefits and costs., Some aspects gilven detailed consideration are
construction cost, operation and maintenance cost, interest during
construction, flood damages prevented, savings in transportation cost and the
market value of water supply and hydropower. Items not normally considered
include human suffering, creation of jobs, losses to the natural environment,
etc. Obviously, these intangibles are the reason for the evolution of other
criteria in the United States. Further, these intangibles are the reason that

we decided to make the benefit-to-cost ratio only one of eight criteria.
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(b) Regional Development. Another urgent need in Bclivia is jobs. We

felt that projects which were labor-intensive should be ftavored over those
that are not. Included in this criterion are projects which help stimulate
the overall economy of a region. A completed dam project, for example, can
provide water supply and hydropower which help generate employment in the farm
community and industry over the long-term. There 1s also a secondary or
indirect effect in that new workers have money to buy things which, in turn,
stimulates the retail economy,

(c) Environmental Quality. This criterion relates to man's natural

environment - the trees, vegetation, land, water, atmosphere, fish, wildlife
and Lheir interrelationships. As mentioned throughout this report, the
environment 1s a serious national problem in Bolivia. There are some alarming
trends which must be redirected - water pollution, deforestation, soil
erosion, etc. These problems are impacting the basic subsistence needs of the
people, the overall economy, and the quality of life. Thus, we feel that
environmental quality is an important criterion in any water resource
investment.

(d) Social Well-Being. In addressing the "environment'" the need of the

people as part of the environment is often overlooked. We believe that social
well-being is a critical need in Bolivia. The environmental problems of
Bolivia and the drought have had serious implications on health and the
quality of life of the people. Intangibles in this criterion include
considerations such as sickness, life span, pride and belief in selt-worth.

(e) Visibility. This criterion appears to be at a lower level than social
well-being or environmental quality. In reality this 1s a very important
criterion because of the Bolivian people's requirement for national and
international help. The simple fact is that major investors in the Bolivian
economy seek high-visibility projects or programs.

(f) Implementability (Doability). Another important criterion is whether

or not a project or program can be realistically accomplished. There are
countless projects in Bolivia which would have enormous benefits to regional
development or social well-being. However, many of these projects simply
cannot be done because of physical constraints, political considerations or

acceptability to the local people. Examples of projects/programs which were
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eliminated from consideration because of this criterion are: complete
elimination of water pollution, complete restoration of the natural
environment, massive change in the water resource management and policy in
Bolivia, and large-scale change in the personal habits of the people. All of
these things would help but are simply not doable from a realistic point of
view. Initiatives in these areas are limited to small-scale, gradual
transition projects and programs.

(g) Immediacy of Relief. Given the current situation in Bolivia, it is

important that actions taken give immediate relief to the population. For
example, a large, multipurpose dam project may have enormous benefits but may
take ten years to design and construct. A project that provides immediate
relief should be favored over a dam, assuming the same scale of benefits.
Thus, we included this criterion favoring evaluation of actions which provide
immediate relief.

(h) Long-term (Lasting) Benefits. Immediate assistance is important, but

any investment shoul consider the accumulated benefits over time. The
example in the previous paragraph also illustrates the importance of this
criterion. An immediate action such as providing a temporary supply of water
is essential, but so is a dam that will provide benefits for 50 years or so.
By adding this criterion we favor projects with long~term benefits as well as
actions with immediate benefits.

Using the eight criteria, we developed a matrix to evaluate all of the
projects and programs that follow in this section of the report. We ranked
each project/program as high, medium or low in each of the criteria. From
that weighting, each of the four team members determined a priority for each
project/program. Then, through consensus, the consolidated priority list
shown below was developed. Interestingly, the various projects and programs
fell into three general groups. The first group consisted of actions which
were either critical or need immediate attention. The second group of
projects and programs are much needed work with a slightly reduced sense of
urgency. The last group of projects and programs is a mix of needed actions
on a long-term basis and small-scale water development. The following is our
professional opinion on the most viable of the water resources needs for

development in Bolivia.
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CRITICAL OR IMMEDIATE NEEDS

1. San Juan Project. There is a critical need for potable water in the

central part of the department and the city of Potosi. This project would
consist of transporting water via pipeline from the San Juan River to the ciry
- a distance of some 45 kilometers. Constrrction costs are estimated to range
from $9 to $16 million. See Appendix B tor details. We recommend that USALD
consult with the European Economic Community (EEC) avout the design and
construction of this project. The EEC consultation is necessary because thev
have pertormed the survey investigations and are considering constructing !he
project.

2. Natiounal Well-drilling Program. The most cost efiective means Lo combat

drought it the near-term 1s t.vougli an extencive well-drilling proxram
throughout Bsl*via. We recommend that this program be both sponsored and
strictly monitored at the national level. The 3-ycar program wi'l cost about
$2.5 million and will benefit about 200,000 people. litails of the Nationd!
Well-drilling Program are included in Appendix i,

3. Nationa! Water Resources Management and Poiicv. The benciits ot improwvin,

the -ater resnurces management and policy of Holivia are enormous. This s a4
highly sensit ve and complex institutional and polit:ical ar=a: nevertieles:,
we feel that the opportunities are so great that this matter should be
actively pursued. We recommend a gradual, lwo-pronged a,preach. Fiest, o
suggest that the U.S. Ambassador encourug= Lhe 3ulilviarn Pres:dent ts establysh
a President's Commission on Water Resources. The other element o cor
pruposal is for USAID to sponsor periodic international sympesia Lo encourdge
the exchange of information. These proposals, alocmg with alternative
strategies, are discussed in detail in Appendixz J. The cost ui th e eftorts
can vary cons:derably according to how Lhe proprams uitoid.,  The President's
Commission wilil require a few staft people 'f thne proagram 10 successful. We
recommend that $250,000 be budgetad for the i:rcrmat: nal symjosia.

Naturallv, co-sronsors and certain other arranonents Can roduce this cone

e Rebaotaration of Existing Water Resource roojecis.  Throaptiout 1t
draovght =stricken areas of Bolivia, there are woells withe ot poomgs, wiol s v
Briben pumps oar parts, artesian wells without Lond sy < ey
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water holding and distributing systems., We recommend that these minor
problems be inventoried and corrected immediately. The cost of this program
is expected to range {rom $200,000 to $600,000 and will benefit from 30,000 to
90,000 people. Details on this program are contained in Appendix K.

5. Railnwater Cistern Design and Clonstruction Program. Throughout thc Chaco

area in the departmen’ s ¢. Tarija, Chuquisaca and Santa Cruz, there is an
urgent need for - s cisterns to capture rainwater for human and animal
consumption. Ti- e is also a serious health uroblem because of .he sharing of
water between pr 'ple and animals. We recomme.d this program t¢ solve both of
these problems. The program would involve the USAID purchase of tnree N/7
bulldozers tor . nstr.ction of cisterns in Lhe Chaco. The local interest
would be requirea tc adopt the :ainwater cistw=rn design discussed in Appendix
M. USAID should ne:otiate with local intere-iLs on pc-<ible cost sharing and
operation and maintend. e costs. The kev t¢ success is a rigid monitoring of
the program at the natinpal 1. <! The purchase price of thrce D/7 bulldozers
1s about $750,000. Detailed discussions of these needs are cointained in
Appendices C, D and E.

6. Erosion Project at Tarija Airport. There is a serious erosiu» problem

developing under the runway at the Tarija airport. That project should be
thoroughly investigated and corrected as soon as possible. The irvestigations
to determine the exact extent of the problem will cost about $50,000 and
correction of the problem couid range from $500,000 to $1,000,000. This
project is discussed in Appendix D.

7. Flood Warning Syst-m. 1In 1983, the Ric Piray flooded the city of Santa

Cruz with peak discharges that were four to six times large- than the 100-
year flood. This was caused by landslides and damming effects in the upper
watershed. The ftlood killed over 800 people. This could have been avoided
with a tlood-warning system. To prevent this type of di:aster in the future,
we recommend that a state-of-the-art flood-warning system be installed ir
Santa Cruz. Details on the flood warning system are contained in Appendix i.
The cost ot such a system is about $300,000.

8. National Stream Gaging Network. There 1s a tremendous amount of

technical data and intormation needed to effectively develop the water

resources of Bolivia. Especially needed is a national network of gages to
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monitor river flows on critical streams in the country. This vital
information will help engineers design public works such as dams and bridges,
thereby eliminating the waste of overdesign and the tragedy of project
failure. The initial cost of this effort will range from $1 to $2 million
depending on the amount of coverage that is adopted. Details on the stream

gaging network are contained in Appendix I.

MUCH NEEDED WATER RESOURCE PROJECTS

9. Vallegrande Geophysical Survey. The Province of Vallegrande in the

department of Santa Cruz has been especially hard-hit by drought. In fact, in
parts ot the province it hasn't rained in over a year. This dry condition
obviously limits any potential surface water development. The best
alternative for much needed additional supplies is the development of
groundwater resources. Unfortunately, there is no data available on
groundwater. Thus, we recommend that a geophysical survey be made of the
area. Once a determination is made on the availability of groundwater, a
decision can be made on the development of that resource. The cost of the
survey 1s about $115,000. Details on the problems in Vallegrande are
contained in Appendix E,

10. Tarija Valley Erosion Control Project. The most serious problem in the

Department of Tarija is the immense erosion problem in the central Tari ja
Valley. This erosion has affected about one-third of the central valley - an
area of some 1,000 square kilometers. The correction of these problems will
have to be a long-term proposition; however, we teel that work needs Lo be
initiated now. Thus, we are recommending construction of two types of
projects. Firs:, some erosion control structures, gabion checkdams, should be
constructed on the major streams flowing into the San Jacinto Dam project. If
these structures are maintained, they will help reduce the sediment load being
deposited in San Jacinto Lake, thereby increasing its useful life. The
second type of construction consists of a series of mini-erosion projects.
These small projects ot 1 to 2 hectares each would be constructed iv the
headwaler steams of the central valley. Each project consists ot a small dam,

terracing, reforestation, tencing ot the restored area to prevent overgraring,
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and educating the camposinos in soil conservation practices. Both of these
project types are discussed in detail in Appendix D. The cost of these
projects will vary according to the number of sites constructed. We would
recommend that a minimum of $1.5 to $2 million be invested in this area
annually. This level of construction is necessary to wmatch the increased
erosion each year.,

11. Cochabamba Multi-Purpose Dam. There is a critical need for potable and

irrigation water in the general area of the city of Cochabamba. In fact, the
demand for water is expected to exceed the supply by a two-to-one margin by
the year 2010. We had a difficult time placing a priority on this project due
to the tremendous expenses involved. The cost of solving the total water
supply problem in the City area will likely approach a billion dollars. Yet,
the fate of Cochabamba will have an impact on all of Bolivia. Thus, we
recommend that a two-phase survey investigation be conducted in Cochabamba.
The purpose of this investigation would be to formulate the best plan for a
multi-purpose impoundment(s) in the Cochabamba area. With the best plan and
an accurate cost estimate in hand, it will be easier to attract international
investors. The various alternatives are discussed in detail in Appendix A.
The cost of the first phase of the survey investigation is in the range of one
million dollars. The second phase of the investigation would be accomplished
by the constructors of the project.

12. Parabanon Spring Diversion Project. There is a serious potable water

problem in about 40 small communities along the railroad track between
Baisilio and Rio Seco in the department of Santa Cruz. Currently, water is
being brought in by rail and sold at extremely high prices. The Parabanon
project would tap water from a spring about 35 kilometers away and transmit
the water, via pipeline, to the communities along the railroad track. Details
of the project are contained in Appendix E. The cost 1s estimated to be about
$10 million.

13. Cerman Groundwater Study. Officials from GEOBOL indicated that the

German government had agreed to undertake a major groundwater study in the
Cochabamba, Potosi and Chaco areas. This $5 million study would be of
enormous benefit. The German government agreed to pay all salaries but
required that the Bolivian government pay for administrative and logistic

support. Unfortunately, GEOBOL does not have the financial resources Lo pay
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their share of the study. For just a few thousand dollars, engineers and
sclientisls can develop the much needed groundwater information in the area.

We recommend that GEOBOL be given a grant to nav for their shzore o5f the study.
The costs are in the neighborhood of $50,000. This effort needs to be
coordinated with two groups - the Canadian government which is studying
groundwater resources in Cochabamba and the Cattlemen's Association in Tarija
who are doing geophysical testing in the Chaco area.

14, Construction of Wadi Dams. In the departments of Cochabamba, Chuquisaca

and Potosi, there i1s a substantial amount of seasonal runotf that infiltrates
into the ground and flows down the valley gradient as groundwater. The
construction of a subsurface dam, called a Wadi dam, will store the water for
use during the dry season. A design for Wadi dams is shown in Appendix L.
These dams can be built mostly with hand labor. 1If a source of clay,
bentonite, has to be trucked in, there would be an additional cost of $2,000
to $6,000. We recommend that the camposinos be given technical assistance 1in
the siting and construction of Wadi dams. The cost of this program will vary
according to the number of sites evaluated and the amount of materials needed
but should be less than $100,000.

15. Construction of Aquayrenda Project. The rown Yacuiba and its environs is

in need of water supply. A potential surface water impoundment site has been
tdentified north of the city, the Aquayrenda Project. We estimate that the
project cost will range from $5 to $6 million. This project would include a
pipeline distribution system to the five communities from Aquayrenda tc
Pacitas. We recommend construction of this project. Details of the project

are contained in Appendix D.

OTHER WATER RESOURCE NEEDY

16. Aiquile and San Pedro Dams. In the vicinity of tn. ¢ity of Aiquile, in

the department of Cochabamba, there is a need tor dependable supplies of
potable and irrigation water. The best alternativ. Lo mect these needs
appears to be the construction of small dams. We reccemmend the construction

of a dam named San Pedro located about 3 kilem:ters northwest of Alquile.
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This $1.5 million project will irrigate between 300 and 500 hectares. A
second site about three kilometers upstream of the failed El Salto site should
be further investigated for development. The feasibility of dams at these
sites could be developed for a cost of about $75,000. Details on these dam
sites are contained in Appendix A.

17. Purchase of Engine-Driven Pumps. In our travels throughout Bolivia, we

discovered several deep wells which have been drilled but for which pumps have
never been purchased. These wells require an engine-driven pump since there

the remote areas. The pumps are expensive, $35,000 to
f

is no electricity in 2

$40,000; however, they could service a large population in serious need o
potabie water. We recommend that pumps be installed at these sites. The
inventory of these wells should be included in the overall inventory prepared
for recommendation number 4.- "Rehabilitation of Existing Water Resource
Projects" on page 26. The number of these sites is believed to be limited,
therefore the cost should be in the range of $100,000 to $200,000.

18. Evaluation of Dam Sites in Chaco. There is a high potential for the

development of surface water resources in the relatively wet sub-Andean area
overlooking the Chaco. Thus, we recommend that a reconnaissance of potential
dam sites in the area be conducted. The estimated cost of this reconnaissance
is $400,000.

19. Cochabamba Water Budget. There is a critical need for a water budget in

the Cochabamba valley. The many wells in the area are stressing the aquifer
and the city needs to develop a water budget and monitor groundwater
withdrawals to protect this vital source of water. There are two potential
sources of data which might help the City develop such a budget: the Canadian
government's study which will be finished in 1991, and the CGerman/GEOBOL
groundwater study previously recommended in this section. We recommend that
USAID coordinate these two efforts to avoid duplication and assure the
German/GEOBOL study produces results that will assist in developing a water
budget.

20. Construction of Water Systems. The western sections of the department of

l.La Paz have been hard-hit by the drought. CORDEPAZ officials indicated that
they plan to install about 60 gravitational pipeline systems per year to small

settlements of about 500 people. There are about 2,500 villages in need;
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therefore, we recommend that this program be accelerated. We suggest that the
CORDEPAZ program be doubled by outside help. At 60 projects per year, this

would represent an investment of about $900,000.

21. Modern Rock Drilling Test. Groundwater could be available in useable

quantities in the hard rock formations in the area. This water is either
trapped within the rock's inherent porosity or in fractures that occur in the
rock., If the opportunity presents itself these tests should be supported.
U.S. military well drillers have the capability to perform this type of
drilling.

22. Water Treatment for La Paz. There is a serious water pollution problem

in the capital city of La Paz. The water leaving the city is so polluted that
it cannot be used for irrigation downstream. Correction of these problems
will cost in the hundreds of millions of dollars. However, the positive gains
in regional development, environmental quality, social well-being, visibility
and long-term benefits would be enormous. For this reason, water treatment in
La Paz surfaced in our matrix rating. We don't have enough information to
make tangible recommendations, but we wanted to emphasize the importance of
this problem.

23, Comprehensive Water Rescurce Plans. Several department spokesmen

mentioned the need for technical assistance in developing comprehensive water
resource plans for the department. This could be a wise investment in the
future. Our observation of the situation in most departments indicated that
advance planning was limited due to the nature of funding in Bolivia.
Sporadic funding has most water managers in a reactive mode rather than
developing plans and goals for the future. Well-thought-out plans could lead
to efficiencies in operation, Further, having a defined need and a project
plan may help attract international investors. Oruro, Santa Cruz and La Paz
were the departments requesting assistance. We recommend that USAID consult
with these departments, and perhaps others, to determine their interest. If
they are interested in such a study they should be asked to make a detailed
proposal of what they intend to study and why. Then a professional appraisal

of the value of the proposal should be made before proceeding.
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OVERRIDING CONSIDERATIONS

The implementation of the above projects and programs is a good starting
point for the development of Bolivia's water resources. We want to emphasize,
however, that these efforts should consider the long-term needs of Bolivia.
The long-term solution to water resource needs in Bolivia has to incorporate a
combination of proper management, conservation, and changing societal habits
in the use of water and land resources. To accomplish this, we feel that
there are two vital ingredients which should be incorporated into any water
resource project or program: the involvement of the Bolivian people, and
environmentally sustainable development.

It is our belief that the Bolivian people have to be involved in Lheir
water resource development, First, they must use their own scientists and
engineers to tackle water problems. Currently, there may be a need for
foreign assistance; however, Bolivia needs to train additional experts through
time. The selection of projects should favor labor-intensive construction to
provide jobs and to stimulate the economy. There must be community
involvement in the formulation of projects so that the local citizenry have a
sense of ownership and will help make things better. Finally, the leadership
of the country needs to begin the process to better the water management and
policy of Bolivia in the water resources area.

The other cornerstone to a successful water resources program is
environmentally sustainable development. This is why we recommended that an
environmental improvement or societal change package be included with any
water project. As mentioned throughout the report, this package should
include work such as reforestation, adopting soil conservation practices,
limiting effluents into streams and lakes, including public health facilities
or programs, and experimenting with new drought-resistant crops. Without
these provisions, we are fearful that the beneficial gain of the water

projects recommended will be lost in short order.
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APPENDIX A - COCHABAMBA

CLIMATE, RAINFALL AND TOPOGRAPHY

The department of Cochabamba lies in the heart of Bolivia and along the
eastern range (Cordillera Oriental) of the Andes mountains. The capital of
the department is the city of Cochabamba which is known as the "City of
Eternal Spring" because of the mild climate which exists nearly year around.
Average annual temperature in the city is about 18 degrees Celsius, while
average annual temperatures within the department range from S5 to 19 degrees
Celsius. Because of the orographic effects of the eastern Andes mountains,
average annual rainfall within the department varies drastically, from less
than 300 mm in the western parts of the department to some of the wettest
areas in the country. These wet areas yield precipitation of more than 4000
mm in the Chapare region on the high eastern slopes of the mountains north and
east of the capital city. Precipitation in the most heavily populated areas
of the department near Cochabamba average around 500 mm per year. Flevations
within the department range from around 200 to over 5000 meters above sea
level. The most populated area of the department, and the most populated
rural areas in the country, are in four valleys - Valle Alto, Valle de Sacaba,
Valle Central, and Valle de Santivanez near and east of the city of
Cochabamba. 1In these populated areas the annual rainfall normally varies from
500 mm to 700 mm. During the present drought however, which began in the
early 1980's, the rainfall near Cochabamba has averaged only about 30 percent
of normal. This lack of rainfall has severely reduced the already scarce
supply of surface water in the area and placed growing pressure on the limited
and over-stressed groundwater resources. Average evaporation rates in the
semi-arid valleys range from 1200 to about 1800 mm per year.

The topography within the department of Cochabamba is a result of
regional geologic processes which have formed a series of northwest-southeast-
trending valleys and ridges. Faulting is common along the axes with some
minor faults crossing the general structure. The ridges and mountains are
primarily composed of sedimentary rock with some arcas underlain by igneous
rock. The valleys within the mountains have many smaller communities which
have only minor amounts ot alluvial material from which to obtain water

supplies. Most of the population centers are located in the valley arcas ncear
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the capital city of Cochabamba. This region has limited rainfall and runoft

is rapid due to the amount of topographic relief.

SOCIQO-ECONOMIC PROFILE

Characterized in one source as the vital link between Bolivia's western
and eastern sectors (Guide 1984:32), the department covers some 55,600 square
kilometers, or slightly more than 5% of the country. The current population
of nearly a million persons constitutes 14.5% of the country's populace
(CORDECO. Emergency Plan 1990. Vol. I:7). Distribution of the population is
44% urban with the remaining 56% located in small, peasant villages
principally in the once-arable valleys of Cochabamba. See Photo No. 4,
Appendix P. Two-fifths of the total number of people are under the age of 15,
a significant clustering when one considers that crises such as drought tend
to be hardest on the young and dependent and the old and helpless.

According to the National Statistical Institute, Cochabamba generated
nearly 18% of Gross National Product (GNP) in 1989, or $84.4 million
(Emergency Plan, ibid.:30). The most important economic activities center on
farming - both cultivation of crops and animal husbandry. Indeed, farm
production in the department makes up nearly one third of all such
productivity in the nation. Using information collected by the national
Ministry of Farming and Rural Affairs (MACA), potatoes, alfalfa, grain corn
and onions are the most lucrative crops, saving coca production, grown in
Cochabamba. As shown below, these and other grain and vegetable crops have

been severely affected by the drought during the past five years.
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Table A-1
Production Values 1985 and 1990
of Cultivated Crops

($us)
Crop 1985 1990 Disparity
Values Harvest 1985 - 1990
Values
Potatoes 22,392,903 9,937,518 12,455,385
Crain Corn 7,478,481 2,017,723 5,460,757
Wheat 3,569,869 681,666 2,888,203
Barley 1,941,070 ',213,779 727,291
Eating Corn 1,600,494 1,137,943 462,551
Carrots 2,429,120 1,956,320 472,800
Tomatoes 3,021,656 1,888,669 1,132,987
Onions 7,100,844 4,970,503 2,130,341
Lima Beans 3,082,832 1,908,996 1,173,836
Peas 2,461,428 629,370 1,832,058
Alfalfa 19,780,320 11,499,684 8,280,636
TOTALS 74,859,017 37,842,173 37,016,844

Source: CORDECO. Emergency Plan 1990, Vol. II1:140.

The same ministry also estimates that throughout the department of
Cochabamba there are some 1.32 million hectares with the potential for
agriculture. Only 443,000 hectares, 32% of the potential, have been
cultivated. Since 1985, the area under cultivation has dropped to 252,7C0
hectares. Of that number, approximately 156,300 hcectares were atfected by
drought (Plan to Corfront Drought Effects, May 1990:33)

The manufacturing sector in Cochabamba is estimated to¢ represcnt about 12%
of the more than 1,100 incorporated companies registere